
NASA TT F-9588 + 

00 
00 m 
m 
I 

Frr 

H 
H 

THE PROBLEM OF COLLECTING DIAGNOSTIC INFORMATION UNDER 
SPACE-FLIGHT CONDITIONS AS ONE OF THE TRENDS IN 

MEDICAL CYBERNETICS 

V.V. Parin and R.M. Bayevskiy 

N 65 - 35783 
4 

I: IACCESS10W NUMBER) (THRUI 
s 
L 

> t (CODE1 

e 
i 

(NASA CR OR TMX OR AD NUMBER) 

Translation of "Problems sbora diagnosticheskoy 
informatsii v usloviyakh kosmicheskogo poleta kak odno 

iz napravleniy medit sinskoy kibernetiki" . 
Paper Presented at the X V I  International Astronautical 

Congress, Athens, September 13-18, 1965. 

. 
GPO PRICE $ 

CSFTI PRICE(S) $ 

Hard copy (HC) .// Lrif, 
Microfiche (M F) 

ff 653 July65 

NATIONAL AERONAUTICS AND SPACE-ADMINISTRATION 
WASHINGTON D.C. OCTOBER 1965 



NASA TTF-9588 
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SPACE-FLIGHT CONDITIONS AS ONE OF THE TRENDS I N  
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V. V.  Pa r in  and R. M. Bayevskiy 
(USSR Minis t ry  of Heal th)  

- .  

I -  I _ -  ABSTRACT 

3.3-7.82 
The func t ion  of t h e  medical  da t a -co l l ec t ing  

systems on board spacec ra f t s  i s  reviewed. Future  long- 

du ra t ion  f l i g h t s  w i l l  r e q u i r e  t h e  use  of on-board co 

p u t e r s  and powerful d i agnos t i c  a lgor i thms.  

One of t h e  important  problems i n  modern space medicine is  t h e  /I* 

c o l l e c t i o n  of d i agnos t i c  information which is  necessary  f o r  making 

space f l i g h t s  s a f e .  The most recent  achievements i n  sc i ence  and tech- 

nology, i n  t h e  f i e l d s  of r ad io  e l e c t r o n i c s ,  b io te lemet ry ,  power en- 

g inee r ing ,  etc.  are employed t o  so lve  t h i s  problem. The development of 

medical  cybe rne t i c s  has made it poss ib l e  t o  formulate  s e v e r a l  new i d e a s  

regard ing  t h e  c o l l e c t i o n  of d i agnos t i c  information under space f l i g h t  

condi t ions .  The purpose of t h e  present  a r t ic le  is  t o  examine t h e s e  

i d e a s .  

It should be f i r s t  pointed out t h a t  t h e  system f o r  c o l l e c t i n g  medical,  

p a r t i c u l a r l v  phys io log ica l ,  information on-board a spacec ra f t  can be  

* Note: Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  t h e  o r i g i n a l  f o r e i g n  
t e x t .  



assigned to a number of complex cybernetic systems, to which information 

is transmitted, received, accumulated, and processed. We shall employ 

the term "physiological information-measuring system", which stresses 

the following four leading aspects of the problem: 

at solving physiological (medical, diagnostic) problems; measuring - 

connected with a quantitative determination of physiological processes; 

information - examines data circulating in the system as control and con- 

nection signals; and finally an aspect which underlines the necessity of 

employing a specially-organized system. The elements of this system would 

comprise a group of properties for obtaining the maximum amount of infor- 

mation on the physiological condition of the cosmonaut. 

form, a physiological information-measuring system may consist of an in- 

formation source in equipment on-board the spacecraft and on the earth, 

an information receiver, and communication channels. The term diagnostic 

information can be used to designate that portion of data coming from the 

information source (cosmonaut) to the information receiver (doctor), which 

is processed into decisions and commands which are directly aimed at pro- 

viding safety during the flight. The t h e  required for the information 

cycle thus is of the greatest importance - i.e., the time from the moment 

when the measuring system receives data from the cosmonaut until the moment 

when the corresponding command is obtained from him or the spacecraft system. 

it is ciear thai U I I C I ~ S  s p a c e f l i g h t  coz ld i t ims  the time required for the 

information cycle must be minimal. Using the conception of the physiologi- 

cal information-measuring system as a basis, let us examine the tollowing 

three questions in succession: 

physiological - aimed 

In a very general /2 

- The improvement of systems for collecting diagnostic information 
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with reference to prolonged space-flights; 

- The utilization of on-board computers; 

- The construction of algorithms for processing information. 

During the flights of the Soviet and American cosmonauts, the systems 

for collecting physiological data were primarily constructed for solving 

the problems of medical control. 

the measurement parameters and building the electronic equipment consists 

of determining the state of the cosmonaut when he is placed in orbit, and 

of rendering him medical aid if necessary. The problem of selecting more 

extensive scientific information, which is of interest for forecasting 

the cosmonaut's reaction and for developing programs for future flight 

experiments (Ref. l), can be solved at the same time. However, as far as 

we are concerned this problem occupies a secondary position. The transi- 

tion to longer space-flights, which traverse a much greater distance, 

makes it necessary to regard the second problem on an equal footing with 

the problem of medical control. The fact is that during a prolonged flight 

a sufficiently-accurate diagnosis of dangerous deviations in the condition 

of the cosmonaut cannot be performed only on the basis of data obtained 

during experiments on earth or  on the basis of limited information recorded 

during the flight. It is necessary that the results derived from the 

medical studies which are periodically carried out be reprocessed into 

diagnostic criceria for performing operative iiisdisal c o z t r o l .  

of obtaining information are closely related with the creation of 

effective diagnostic Glgorithms. 

The basic problem entailed in collecting 

The pr=51em_s 

The development of systems for collecting physiological information 

during prolonged flights covering great distances necessitates the solution 



of t h  fol lowing problems: 

- The ob ta in ing  of a maximum amount of d a t a  whi le  employing a minimum 

amount of equipment; 

- The t ransmiss ion  of a maximum amount of d a t a  by means of a te lemet ry  / 3  - 
channel  having a l i m i t e d  capac i ty ;  

- A decrease  i n  t h e  t i m e  requi red  f o r  in format ion  process ing .  

The la t te r  problem arises due t o  t h e  fol lowing two f a c t s :  t h e  n e c e s s i t y  

of r a p i d  dec i s ions  i n  t h e  system of o p e r a t i v e  medical c o n t r o l  and t h e  neces- 

s i t y  of r a p i d  coding of ex tens ive  s c i e n t i f i c  d a t a  t o  s p e c i f i c  d i a g n o s t i c  

cr i ter ia  which may be  employed f o r  augmenting t h e  s a f e t y  of t h e  f l i g h t .  

The presence of a doc tor  on t h e  crew of t h e  spacec ra f t  does no t  s impl i fy  

t h i s  problem, because t h e  t r a i n i n g  of t h e  doc to r ,  whose p o s s i b i l i t i e s  f o r  

process ing  information,  and h i s  r e s p o n s i b i l i t i e s  have d e f i n i t e  l i m i t s  

(Ref. 2 ) .  

The problems e n t a i l e d  i n  the  optimum cons t ruc t ion  of a system f o r  

phys io log ica l  measurements on-board a space-craf t  were i n v e s t i g a t e d  by our- 

selves i n  several works (Ref. 3 ,  4 ,  5) .  One of t h e  new p r i n c i p l e s  advanced 

w a s  t h e  placement of two independent measurement systems on-board t h e  space- 

c r a f t :  medical  c o n t r o l  and medical s t u d i e s .  

i s  a somewhat s i m p l i f i e d  v a r i a t i o n  of physiologicameasurement  systems 

e x i s t i n g  a t  t h e  present  t i m e  on t h e  s p a c e c r a f t  "Vostok", "Voskhod", "Mer- 

The system of medical c o n t r o l  

LULY 1 1  , aiiu fIP-...<-.211 UCULLLII . It I s  designed f c r  reccrd ing  2 c m d l  IXElber nf data  

which are s u f f i c i e n t  f o r  d i s t i ngu i sh ing  t h e  a c u t e  d i s e a s e s  ( cond i t ions )  

which r a p i d l y  o r  suddenly appear ,  such as shock, c o l l a p s e ,  a c u t e  cardio-  

v a s c u l a r  i n s u f f i c i e n t c y ,  e tc .  I n  t h i s  case i t  i s  necessary  t o  record two 

t o  t h r e e  phys io log ica l  parameters as cont inuously as p o s s i b l e  - wi th  t h e  

4 



f u t u r e  u t i l i z a t i o n  of an in t ra -cabin  te lemet ry  system which w i l l  make i t  

p o s s i b l e  t o  perform medical con t ro l  whi le  t h e  cosmonauts move f r e e l y  

about i n  t h e  compartment of t h e  spacec ra f t .  The system of medical s t u d i e s  

must have a somewhat l a r g e r  number of channels ,  s i n c e  i t s  purpose is  t o  

select d e t a i l e d  d a t a  on t h e  s ta te  of d i f f e r e n t  phys io log ica l  func t ions  i n  

t h e  cosmonaut's body. However, i n  view of t h e  l i m i t e d  weight ,  s i z e ,  and 

f u e l  requirements of equipment on-board t h e  s p a c e c r a f t ,  i t  is  d i f f i c u l t  

t o  count on r e t a i n i n g  t h e  e x i s t i n g  p r i n c i p l e :  each parameter has  i t s  o m  

measurement channel.  

u t i l i z a t i o n / c h a n n e l s .  

We have formulated t h e  p r i n c i p l e  of multi-purpose 

This channel can be  u t i l i z e d  s e v e r a l  t i m e s ,  wi th  
of t h e  

v a r i o u s  r eco rde r s  a t tached  t o  i t  and, i f  necessary,  changing i t s  t e c h n i c a l  

c h a r a c t e r i s t i c s .  This  would make it p o s s i b l e  t o  record 25-50 o r  more 

phys io log ica l  parameters whi le  using 6-8 channels .  

It i s  expedient  t o  record the  d a t a  i n  t h e  system of medical s t u d i e s  

under s p e c i a l  programs, each of which i s  aimed a t  s tudying  a d e f i n i t e  

phys io log ica l  system i n  the  body. The e f f i c i encyof  t h e  program is  de te r -  

mined both by t h e  s e l e c t i o n  of parameters,  and by t h e  group of f u n c t i o n a l  

t es t s  which i t  inc ludes .  Apart from spec ia l i zed  programs, gene ra l  medical 

programs can be  u t i l i z e d ,  whose purpose may be  reduced t o  c o l l e c t i n g  in fo r -  

mat ion on t h e  s ta te  of t h e  main body systems: t h e  ca rd iovascu la r ,  r e sp i r a -  

t o r y ,  neuromuscular, and c e n t r a l  nervous system. The multi-purpose - 14 

s t u d i e s ,  makes i t  p o s s i b l e  t o  ob ta in  a maximum amount of d a t a  wi th  a mini- 

mum amount of equipment on-board the  spacec ra f t .  

The p r i n c i p l e s  recommended above f o r  cons t ruc t ing  t h e  on-board medical 

appa ra tus  were t e s t e d  during a f l i g h t  of t h e  Sovie t  mult i -seated s p a c e c r a f t  

5 



"Voskhod". 

apparatus designed for continuously recording three indices (electro- 

cardiogram, seismocardiogram, and pneumogram) in each of the three cos- 

monauts. A special device was employed for medical studies, which made 

it possible to record four different parameters consecutively on one 

channel (electroencephalogram, electrooculogram, dynamogram, and the 

motor movements in writing). These parameters were recorded under an 

appropriate program which included the requisite functional tests. Ex- 

perimental data were obtained which contained the effectiveness of the 

recommended systems of physiological measurement. 

The medical control was performed by means of a special 

An increase in the duration and length of space-flights leads to 

a significant reduction in the volume of data transmitted to earth from 

the spacecraft. This is due to the sharp decrease in the transmitting 

capacity of the telemetry channels. During the flights of the Soviet 

spacecraft, the possibility of "compressing" the information was employed 

during transmission on telemetry channels: 

gram was recorded (Ref. 6), and two parameters were transmitted on one 

channel (Ref. 7). However, the effective utilization of telemetry channels 

having limited capacity for transmitting a maximum amount of information 

is only possible by utilizing on-board computers. 

information significantly increases in the rrcosmonaut-spacecraft-earth" 

sys.teiii as  he dlsta?ice co-;ered by the f l i g h t  ~ I ~ C ~ P I B C ~ S ,  the appearanre n f  

on-board computers can already be seen in the near future as a development 

in space technology. Along with technical problems (orbital calculations, 

control of life-support systems, automatic orientation, etc.) these devices 

will solve problems of automatic medical control (Ref. 8, 9 ,  10). It will 

an "enveloping" phonocardio- 

Since the cycle of 

6 



also solve problems gntailed in the programmed selection of scientific and 

diagnostic information and the "compression" of data for transmission 

to the earth along telemetry channels having limited capacity, and for 

storage on the on-board memory systems. When a doctor is included in 

the spacecraft crew, an on-board computer can fulfill the role of "a 

diagnostic machine"-advisor, in addition to automatically signalling 

dangerous conditions. 

A new physiological information-measurement system, which is atono- 

mous with respect to the earth, arises with an on-board computer. Over 

a period of time, this system is of great importance in providing for 

the safety of the space-flight, and "earth" keeps for itself only the/5 

role of consultant and recorder of scientific information. Studies in 

the field of on-board computers are of great interest for space medicine. 

This represents a portion of the extensive, general medical problem of 

diagnostic machines". The use of "condition diagnosing machines" (Ref. I '  

11) must be applied in space medicine. 

or more correctly the syndromes, as a collection of individual deviations 

called symptoms, lies at the basis of any diagnostic process. 

The determination of the condition, 

The development of diagnostic algorithms and corresponding machine 

programs is aimed at creating effective diagnostic automatic systems on 

a spacecraft. A diagnostic algorithm represents a strict instruction 

regarding the order of operation t o  be r'oiiuwed lri decoding, m = l y z i n g j  and 

evaluating medical information. The processing of information on the 

state of the cosmonaut, resulting in decisions relating to the safety of 

the flight, can be effective only with specific alqcrithms, independently 

of whether it is performed automatically or manually, on earth or on-board 

7 



t h e  spacec ra f t .  Three groups of a lgori thms can be  d i s t ingu i shed :  de- 

te rminant ,  probable ,  and self-changing (Ref. 1 2 ) .  Determinant d i agnos t i c  

a lgor i thms of a matrix type can be cons t ruc ted  todayyon t h e  b a s i s  of t h e  

informat ion  which w e  have on t h e  r eac t ion  of t h e  human being t o  t h e  e f f e c t  

of d i f f e r e n t  extreme f a c t o r s ,  and on t h e  b a s i s  of t h e  experience accumu- 

l a t e d  from b r i e f  space - f l i gh t s .  

models, t h e  d i s tu rbances  which are p o s s i b l e  i n  a prolonged f l i g h t ,  and 

as a r e s u l t  of a t h e o r e t i c a l  ana lys i s  of pro longed-f l igh t  cond i t ions ,  w e  

can now develop more e f f e c t i v e  probable algoSithms. 

make i t  p o s s i b l e  t o  i n c r e a s e  g r e a t l y  t h e  q u a l i t y  of d e c i s i o n s  when t h e r e  

i s  an  inc rease  i n  t h e  volume of input  information (we have i n  mind he re  

t h e  c o l l e c t i o n  of a d d i t i o n a l  d a t a  by means of a system of medical  s t u d i e s ) .  

As a r e s u l t  of s tudying  t h e  chemical 

Such algori thms-  

F i n a l l y ,  t h e  most up-to-date a lgor i thms are t h e  self-changing ones,  

which can i n c r e a s e  t h e i r  e f f ec t iveness  over  a per iod  of time. 

improvement of t h e  a lgor i thms i s  caused by t h e  a b i l i t y  of t h e  systems 

t o  accumulate informat ion  and by the  presence of c e r t a i n  gene ra l  p r i n c i p l e s  

which w e r e  provided f o r  previously i n  t h e  primary algori thm. 

One very  important  problem f o r  t h e  programming of on-board d i a g n o s t i c  

The s e l f -  

systems i s  t h e  de te rmina t ion  of the volume of i npu t  information which i s  

minimally necessary  f o r  r e a l i z i n g  t h e  s p e c i f i e d  a lgor i thms.  The n e c e s s i t y  

of a minimum of inpu t  d a t a  i s  due p r imar i ly  t o  t h e  s p e c i f i c  cond i t ions  of 

space  f l i g h t .  The term minimum input data des igna te s  the  minix== reco rde r s  

on t h e  cosmonaut, t h e  minimum e l e c t r o n i c  equipment on-board, and t h e  mini- 

mum f u e l  requirements .  However, t h i s  does n o t  mean t h a t  r e l i a b i l i t y  of 

"diagnosis"  must be  s a c r i f i c e d  f o r  purposes of s a t i s f y i n g  r i g i d  engineer ing 

requirements .  An on-board computer makes i t  p o s s i b l e  t o  examine t h i s  

8 



problem from s e v e r a l  a spec t s  - from t h e  a spec t  of f i g h t i n g  a n  excess  of 

information and of e x t r a c t i n g  t h e  maximum amount of u s e f u l  d a t a  wi th  

t h e  minimum amount of input  d a t a .  

The cons t ruc t ion  of e f f e c t i v e  d i a g n o s t i c  a lgori thms , based on pro- /6 

cess ing  minimum amounts of i npu t  information,  r e q u i r e s  an  ex tens ive  

a n a l y s i s  of t h e  mechanisms con t ro l l i ng  t h e  phys io logica l  func t ions  and 

a q u a l i f i c a t i o n  of t h e  c o r r e l a t i o n s  e x i s t i n g  i n  the  body between d i f f e r e n t  

phys io log ica l  func t ions  and t h e i r  i nd ices .  A cybe rne t i c  approach towards 

s tudying  t h e  mechanisms by which the body i s  con t ro l l ed  makes i t  p o s s i b l e  

t o  in t roduce  a q u a n t i t a t i v e  i n t e r p r e t a t i o n  of several phenomena which 

had only  q u a l i t a t i v e  c h a r a c t e r i s t i c s  up t o  t h e  present  t i m e .  The systems 

of t h e  human body are simultaneously concerned wi th  an enormous number of 

c o n t r o l l i n g  parameters.  The homeostatic maintenance of un i formi ty  i n  t h e  

internal medium and continuous dynamic balancing wi th  t h e  e x t e r n a l  medium 

are c h a r a c t e r i s t i c  f o r  t h e  e n t i r e  system. The human body i s  a complex, 

multi-purpose h i e r a r c h i c a l  system which c o n s i s t s  of components which are 

subord ina te  t o  an  organized purpose, s o  t h a t  t h e  q u a l i t a t i v e  d i f f e r e n c e s  

between t h e  o rde r s  of d i s c i p l i n e  which arise consecut ive ly  create a 

d e f i n i t e  s p h e r i c i t y  i n  each of the levels. The i n t e r a c t i o n s  between t h e  

lower and upper l e v e l s  i n  a complex b iocyberne t ic  system i s  based on t h e  

exchange of information according t o  t h e  p r i n c i p l e  of feedbacks wi th  con- 

t r o l l a b l e  th re sho lds .  Autonomy i s  c h a r a c t e r i s t i c  IoL t h e  lower levels a t  

c e r t a i n  boundaries .  L e t  us  examine a s i m p l i f i e d  model of a two-component 

b i o l o g i c a l  system, i n  which one of t h e  elements is subordinated t o  t h e  

o t h e r .  We can use  t h e  fol lowing a s  such an  element:  c e l l ,  organ,  physio- 

l o g i c a l  system. An element i n  the lower l e v e l  has the  p r o p e r t i e s  of s e l f  

9 



c o n t r o l ,  s e l f  r e g u l a t i o n ,  s e l f  d i r e c t i o n .  These p r o p e r t i e s  comprise t h e  

b a s i s  of any l i v i n g  system (Ref. 13).  I n  o rde r  t o  achieve  them, t h i s  

element i n  t h e  l i v i n g  system must have t h e  necessary  appara tus :  mechanisms 

f o r  r ece iv ing  and processing information,  c o n t r o l  mechanisms which can 

formulate  t h e  appropr i a t e  commands, and e f f e c t o r  elements which can 

r e a l i z e  them. The element under cons idera t ion  must r e c e i v e  information 

b o t h  regarding t h e  e x t e r n a l  and regarding t h e  i n t e r n a l  medium, and i t s  

r e a c t i o n  must be d i r e c t e d  both ex te rna l ly  and i n t e r n a l l y .  The second 

component i n  t h e  system, which i s  higher  than  t h e  one mentioned above, is  

connected wi th  i t  by means of channels of d i r e c t  connect ion and feedback. 

The la t ter  serves  t h e  purpose of cont ro l .  Apparently,  during t h e  normal 

ope ra t ion  of t h e  system, information is not  passed along t h e  feedback 

channel.  Otherwise, t h e  upper l e v e l s  would s u f f e r  from an  overload of 

information.  Recent s t u d i e s  i n  the f i e l d  of t h e  physiology of r e t i c u l a r  

in format ion  has  confirmed t h e  f a c t  t h a t  t h e  p r i n c i p l e  of selective co l l ec -  

t i o n  of only t h e  most important s i g n a l s  is  c h a r a c t e r i s t i c  f o r  c o n t r o l  

systems i n  a l i v i n g  body, even a t  t h e  level  of t h e  c e r e b r a l  cor tex .  Only 

i f  t h e  lower element i n  the  system cannot cope wi th  t h e  stream of informa- 

t i o n , o r  cannot s e p a r a t e  t h e  use fu l  information from no i se ,  do t h e  

elements i n  t h e  upper level i n t e r f e r e  i n  i t s  opera t ion .  The i n t e r f e r e n c e  

of t h e  upper l e v e l s  i n  t h e  opera t ion  of t h e  lower level occurs  i n  those  

cases when t h e  body, as a complete system, is  requiierl  t o  develop r e x t 5 n n s  !7 

which keep it  from d e s t r u c t i o n  under t h e  e f f e c t  of unfavorable  f a c t o r s .  

I n  t h i s  way t h e  mechanisms in  t h e  upper l e v e l  r e t a i n  t h e i r  h igh  

f u n c t i o n a l  p r o p e r t i e s ,  due t o  the extreme e f f o r t  of t h e  lower levels. 

By way of a n  example, l e t  us examine t h e  compensating-adapting 
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r e a c t i o n s  of t h e  body t o  t h e  e f f e c t  of overloading ( a c t i v e  p o r t i o n  of 

t h e  f l i g h t ) .  The e x i s t i n g  experimental  d a t a  a l low us  t o  d i s t i n g u i s h  two 

levels i n  t h e  compensation mechanisms: a c r i t i c a l - s o m a t i c  level and a 

v e g e t a t i v e  level. A s  i s  known, throughout a l l  of t h e  space - f l i gh t s ,  

during t h e  act ive p o r t i o n  of t h e  f l i g h t  t h e  cosmonauts were completely 

conscious,  turned on communications, f u l f i l l e d  t h e  r equ i r ed  measurenent 

a c t s ,  and adequately evaluated t h e  surroundings.  A t  t h e  same t i m e ,  

s e v e r a l  c lear ly-expressed changes were noted i n  the  blood c i r c u l a t i o n ,  

r e s p i r a t i o n ,  and metabolism systems. The a c t i v i t y  of t h e s e  systems w a s  

unusua l ly  i n t e n s i f i e d .  A d i s t o r t i o n  w a s  noted i n  c e r t a i n  r e f l e x  a c t i o n s .  

Thus, when t h e  p re s su re  inc reases  i n  t h e  s m a l l  c i r c u l a t o r y  system, it i s  

known t h a t  t h e r e  i s  a d ischarge  r e f l e x  i n  t h e  form of bradycard ia ,  a drop 

i n  t h e  arterial  p res su re  i n  t h e  l a r g e  c i r c u l a t o r y  system, and a depos i t i ng  

of blood in t h e  sp l een  ( t h e  P a r i n  r e f l e x ,  Ref. 14) .  However, w i th  t r ans -  

verse a c c e l e r a t i o n s ,  an "adequate" response is  r e t a i n e d  only i n  t h e  sp leen .  

According t o  e x i s t i n g  d a t a ,  t r ansve r se  overloads of 8-12 u n i t s  produce 

c lear ly-expressed  dys t rophic  changes i n  t h e  sp l een  of a dog, wi th  t h e  

formation of thrombosis and d is turbance  of t h e  t r abecu lae ,  which may be 

t h e  r e s u l t  of t h e  sp l een  overflowing wi th  blood (Ref. 15, 1 6 ) .  

A s  i s  known, under t h e  inf luence  of overloading t h e  ar ter ia l  p re s su re  

i n c r e a s e s ,  and t h e  pu l se  rate inc reases .  A blocking of t h e  r e f l e x  from 

puhoriary  v e s s e l s  i r i  the large c l r ~ i i k t i ~ ~  S Y S ~ ~ ~ Z  ear; b~ ~ x p l a i n e d  by t h e  

simultaneous appearance of sympathins i n  t h e  blood which has  a hyper- 

t e n s i v e  and p o s i t i v e  i n o t r o p i c  e f f e c t .  In  t h i s  way the  c o r t i c a l  mechanisms 

predominate over  t he  vege ta t ive  mechanisms, and suppress  those r e a c t i o n s  

which do n o t  correspond t o  t h e  over-al l  d i r e c t i o n  of t h e  response of t he  
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e n t i r e  body. 

This example shows t h a t  i t  i s  impossible  t o  c o n s t r u c t  a diag- 

n o s t i c  a lgor i thm by s t a r t i n g  only wi th  a s e l e c t i o n  of symptoms which 

comprise a c e r t a i n  syndrome. Under t h e  s p e c i f i c  condi t ions  of space- 

f l i g h t ,  new syndromes are formed, and i n  o rde r  t o  c o r r e c t l y  eva lua te  

them i t  i s  necessary  t o  know c e r t a i n  genera l  p r i n c i p l e s  underlying 

t h e  organiza t ion  and ope ra t ion  of  the  b i o l o g i c a l  systems. A s  w a s  

shown, one of t h e  b a s i c  p r i n c i p l e s  underlying t h e  o rgan iza t ion  of 

such systems l i e s  i n  the  c r e a t i o n  of a mul t i - leve l  s t r u c t u r e ,  i n  

which t h e  lower levels are subordinated t o  the  upper levels, wi th  

each of  them having autonomous p rope r t i e s .  

L e t  us now examine an important func t iona l  

cal  systems - t h e i r  ope ra t iona l  regime. A l l  o f  

t he  body can be reduced t o  s t a t i o n a r y  and t r a n s  

i n d i c a t i o n  of b io log i -  

t h e  condi t ions  of 

t i o n a l  condi t ions .  - / 

The s t a t i o n a r y  condi t ions  are condi t ions  of re la t ive homeostasis ,  

when ind iv idua l  components i n  t h e  system are balanced w i t h  each o t h e r  

and wi th  the  e x t e r n a l  medium. Autonomous p r o p e r t i e s  i n  each of the  

f u n c t i o n a l  levels (phys io log ica l  systems) thus appear t o  the  g r e a t e s t  

e x t e n t .  The t r a n s i t i o n a l  condi t ions  r ep resen t  t he  r e a c t i o n  of the  

e n t i r e  body o r  i t s  i n d i v i d u a l  components t o  d i s tu rbances  ( ex te rna l  o r  

i n t e r n a l )  . Subordina t iona l  p rope r t i e s  thus  appear t o  t h e  g r e a t e s t  

e x t e n t  i n  the  components of t h e  b io log ica l  system, because a protec-  

t ive  r e a c t i o n  of t h e  e n t i r e  body i s  both  necessary  and expedient  i n  

t h e  given case.  Since the  t r a n s i t i o n a l  and s t a t i o n a r y  s ta tes  imply 

a d i f f e r i n g  degree of c o n s t e l l a t i o n  f o r  t he  i n d i v i d u a l  components i n  
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the  b i o l o g i c a l  system, i t  must be  assumed t h a t  t h e  i n d i c e s  f o r  t h e  

the  i n t e r c o r r e l a t i o n  of the  d i f f e r e n t  parameters  of t h e  phys io log ica l  

func t ions  and the  ind ices  f o r  t h e  i n t e r n a l  c o r r e l a t i o n  i n  dynamic 

va lue  sequences f o r  one parameter w i l l  be  d i f f e r e n t .  Thus, t h e  

appropr i a t e  mathematical procedures can be  developed f o r  "diagnosing" 

s t a t i o n a r y  and t r a n s i t i o n a l  condi t ions of t h e  body. For t h i s  purpose,  

i t  i s  necessary t o  employ t h e  phys io logica l  meaning of such mathe- 

matical i n d i c e s  as depress ion ,  auto- and i n t e r c o r r e l a t i o n  func t ions ,  

d i s t r i b u t i o n  series, d i f f e r e n t i a l  equa t ions ,  etc.  

A t  t h e  p re sen t  t i m e ,  t h e  p o s i t i v e  r e s u l t s  der ived  from applying 

c o r r e l a t i o n  and s p e c t r a l  a n a l y s i s  t o  electro-encephalography are 

well-known (Ref. 17 ,  18). Data have been publ ished on t h e  physio- 

l o g i c a l  de te rmina t ion  of several s t a t i s t i c a l  i nd ices  obta ined  by 

ana lyz ing  the  pu l se  rate of cosmonauts (Ref. 19, 20). We s h a l l  p re sen t  

an example of employing the  h i s tog raph ic  method f o r  t h e  purpose of 

s tudy ing  the  phenomenon of c lear ly-expressed f l u c t u a t i o n s  i n  the  

rhythm of ca rd iac  con t r ac t ions  under condi t ions  of weight lessness .  There w a s  

s i g n i f i c a n t  i n t e n s i f i c a t i o n  of the/arrhythmia dur ing  an o r b i t a l  f l i g h t  

dur ing  experiments wi th  animals and dur ing  the  f i r s t  human f l i g h t s  

(Ref. 21).  A s p e c i a l  s t a t i s t i c a l  s h o r t  s tudy  showed t h a t  an i n t e n s i -  

f i c a t i o n  of t he  /arrhythmia i s  the r e s u l t  of t h e  r e l a t i v e  predominance 

of t h e  tonus of t he  parasympathetic s e c t i o n  of t h e  v e g e t a t i v e  nervous 

system, a r i s i n g  as a response t o  a decrease  i n  t h e  energy processes  i n  

g h a s i c  s i n u s  

g h a s i c  s i n u s  

t h e  body and a 

g raph ic  method 

decrease  i n  t h e  a f f e r e n t  impulse (Ref. 22 ) .  A h i s t o -  

w a s  employed to  provide a more d e t a i l e d  de te rmina t ion  

13 



g h a s i c  s i n u s  
of t he  r o l e  of /arrhythmia i n  the  r eac t ions  of  t h e  body t o  the  con- 

d i t i o n s  of weight lessness .  A histogram ( i n t e r v a l  of 0.05 seconds) 

was cons t ruc ted  on the  b a s i s  of values  from 100-150 consecut ive 

measurements. The his togram o r  the  v a r i a t i o n  curve was cha rac t e r i zed  

by t h r e e  cri teria:  the  p o s i t i o n  on t h e  absc i s sa  a x i s ,  width,  and form. 

Laboratory s t u d i e s  showed t h a t  t h e  v a r i a t i o n  curves f o r  condi t ions  of  

re la t ive  rest ( s t a t i o n a r y  process)  are cha rac t e r i zed  by a mean 

p o s i t i o n  on the  absc i s sa  a x i s ,  the  width i s  determined w i t h i n  the  

limits of 0.20 - 0.35 seconds,  and t h e  curves f o r  t h e  form have a 

s i n g l e  peak and are compact. 

recorded: curves extending up t o  0.50 seconds,  s h i f t e d  t o  t h e  r i g h t ,  

Var i a t ion  curves of another  type  were 

and sometimes having two peaks. T r a n s i t i o n a l  processes  y i e l d  - f 9  

asymmetric curves ,  which are s h i f t e d  t o  the  l e f t  and which frequent-  

l y  have several peaks. Under s p a c e f l i g h t  cond i t ions ,  fou r  types of 

v a r i a t i o n  curves were determined, which corresponded t o  the  f l i g h t  

pe r iods  as a whole. 

I n  the  pre-launch pe r iod ,  during the  l i f t - o f f ,  and dur ing  t h e  

f i r s t  r evo lu t ion  curves w e r e  recorded which were s h i f t e d  t o  t h e  l e f t ,  

w e r e  c o n s t r i c t e d ,  and had a sharp  peak. These curves poin ted  t o  a 

h igh  degree of i n t e rconnec t ion  between t h e  pace m a k e r  and t h e  c e n t r a l  

nervous system (sympathet ic  e f f e c t ) .  During t h e  f i r s t  f ive-seven 

r evo lu t ions ,  t h e  v a r i a t i o n  curves gradual ly  took on t h e  customary form 

and a mean p o s i t i o n .  Beginning with t h e  second day of f l i g h t ,  t h e  

v a r i a t i o n  curves d isp layed  a s h i f t  t o  t he  r i g h t ,  a widening, and t h e  

appearance of mul t ip l e  peaks.  These changes can be  i n t e r p r e t e d  as 
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t he  e f f e c t  of the  gradual  predominance of t h e  parasympathet ic  

i n f luences  over t he  sympathetic i n f luences ,  and as a decrease  i n  t h e  

c e n t r a l  con t ro l .  

t i o n  curves of a very s p e c i f i c  type w e r e  noted: widened up t o  0.8 - 

0.9 seconds,  wi th  a g r e a t  number of peaks,  and f l a t t e n e d .  This w a s  

apparent ly  the r e s u l t  of autonomous c o n t r o l  over  the  rhythm of t h e  

c a r d i a c  con t r ac t ions  by one of t h e  lower c o n t r o l l i n g  elements ,  wi thout  

a n o t i c a b l e  p a r t i c i p a t i o n  of t he  c e n t r a l  mechanisms. 

F i n a l l y ,  on t h e  t h i r d  - f o u r t h  day of f l i g h t  varia- 

These d a t a  show t h a t  i t  is  poss ib l e  t o  develop a d i a g n o s t i c  

a lgor i thm f o r  appra i s ing  t h e  condi t ion  of t he  c e n t r a l  c o n t r o l  over  

t he  c i r c u l a t i o n  system on t h e  b a s i s  of only one parameter - pu l se  

rate.  Problems encompassing the  e x t r a c t i o n  of maximum information 

from a minimum of d a t a  are extremely important  i n  cons t ruc t ing  

e f f e c t i v e  d i agnos t i c  a lgori thms f o r  programming on-board conputers  . 
Mathematical t ransformat ions  of a very unusual type must be employed 

i n  such a lgor i thms:  a d i spe r s ion  and c o r r e l a t i o n  a n a l y s i s ,  the  formu- 

l a t i o n  of d i s t r i b u t i o n  curves and d i f f e r e n t i a l  equat ions ,  methods en- 

t a i l e d  i n  an information theory and game theory ,  e tc .  The u t i l i z a t i o n  

of cybe rne t i c  concept ions,  a long with mathematical  methods, f o r  i n t e r -  

p r e t i n g  d a t a  i s  very promising. Thus, the  main p o s s i b i l i t y  i s  thus 

opened up of determining s i n g l e  ind ices  wi th  respect t o  o t h e r  i n d i c e s ,  

based on t h e  i n t e r - c o r r e l a t i o n  of phys io log ica l  func t ions .  The l a r g e s t  

c o r r e l a t i o n  dependences w i l l  apparent ly  be observed dur ing  t h e  per iods  

of  extreme i n f l u e n c e s ,  when the  degree of c o n s t e l l a t i o n  inc reases  i n  

t h e  c o n t r o l  systems of t he  body. It i s  p o s s i b l e  t h a t  t h e  func t iona l  
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condi t ion  of i nd iv idua l  systems can be  eva lua ted  wi th  g r e a t e r  e f f e c -  

t i veness  by means of t he  degree of i n t e r n a l  cons t e l l a t i o n  of several 

parameters ,  than by means of  t h e i r  abso lu t e  va lues .  

I n  conclusion,  w e  would l i k e  t o  p re sen t  the  r e s u l t s  der ived  

from analyz ing  a seismocardiogram which r ep resen t s  a p o s s i b l e  approach 

toward determining t h e  degree of i n t e r n a l  c o n s t e l l a t i o n  of mechanisms 

i n  t h e  i n t r a c a r d i a c  hemodynamics when one parameter i s  recorded i n  a l l .  

As i s  known, seismocardiography i s  a new method f o r  s tudying  t h e  con- 

t r a c t i n g  func t ion  of t he  h e a r t ,  It w a s  f i r s t  app l i ed  on Sovie t  /IO 

s p a c e c r a f t s ,  and has now become a compulsory method i n  medical con- 

t r o l  systems i n  a s t r o n a u t i c s ,  and has been s u c c e s s f u l l y  appl ied  i n  

c l i n i c s  f o r  s tudying  p a t i e n t s  (Ref .  23,  2 4 ) .  The seismocardiogram 

p r e s e n t s  a p i c t u r e  of t he  pu l se  r a t e ,  fo rce  and coord ina t ion  of t h e  

c a r d i a c  con t r ac t ions ,  and t h e  c h a r a c t e r i s t i c s  of t h e  i n t r a c a r d i a c  

hemodynamics - p a r t i c u l a r l y ,  t he  small  c i r c u l a t i o n  system. An a n a l y s i s  

of t h e  r e s p i r a t o r y  v a r i a t i o n s  i n  these  ind ices  makes i t  poss ib l e  t o  

determine phase s h i f t s  between them. I n  our  opin ion ,  t hese  phase 

s h i f t s  cha rac t e r i ze  t h e  degree of i n t e r n a l  c o n s t e l l a t i o n  of t h e  c i r c u l a -  

t i o n  system parameters.  Ind ices  of i n t e r c o r r e l a t i o n  can be used f o r  

t h i s  purpose. 

W e  have devoted a l a r g e  por t ion  of t h i s  r e p o r t  t o  examining problems 

r e l a t e d  t o  the  cons t ruc t ion  of e f f e c t i v e  d i a g n o s t i c  a lgor i thms on t h e  

b a s i s  of process ing  a l i m i t e d  amount of phys io log ica l  da t a .  We demon- 

s t r a t e d  the  manner i n  which t h e  app l i ca t ion  of s e v e r a l  cybe rne t i c  con- 

s t r u c t i o n s  t o  a d e s c r i p t i o n  of the c o n t r o l  mechanisms i n  phys io log ica l  
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func t ions  makes i t  poss ib l e  t o  achieve p r a c t i c a l  r e s u l t s ,  i n  t h e  

form of s p e c i f i c  mathematical methods of  process ing  t h e  da t a .  I n  

connection wi th  on-board computers , t h e  problem of  c o l l e c t i n g  diag- 

n o s t i c  information under space f l igh t  condi t ions  can only be so lved  

wi th  e f f e c t i v e  d i a g n o s t i c  a lgori thms.  - 

algori thms has  a d i r e c t  r e l a t i o n s h i p  wi th  t h e  s a f e t y  of  prolonged 

s p a c e f l i g h t s  covering a g r e a t  d i s t ance .  It can thus be  s t a t e d  t h a t  

two,  comparatively new s c i e n t i f i c  d i s c i p l i n e s  - medical cyberne t ics  

and space medicine - have un i t ed  forces  i n  a f i e l d  which i s  of 

g r e a t  i n t e r e s t  no t  only f o r  present-day a s t r o n a u t i c s  and f u t u r e  space  

s t u d i e s ,  b u t  a l s o  f o r  p r a c t i c a l  medicine, because t h e r e  i s  no doubt 

t h a t  achievements i n  t h e  conquest of space can and must be used i n  

t h e  i n t e r e s t s  of humanity as a whole. 

The development of such 
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